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In 1916 Denis and Means (1) first observed
that salicylate administration increased oxygen
consumption and carbon dioxide production in
man. This finding has since been confirmed both
in man (2, 3) and in experimental animals (4-6).
Although salicylates increase the resting minute
ventilation, it has been demonstrated that the ele-
vation in basal metabolic rate is not dependent on
an increase in respiratory work. Decapitated or
curarized dogs maintained in a total body respira-
tor to keep ventilation constant showed the same
increased oxygen consumption in response to sa-
licylate administration as the intact animal (5).
Furthermore, oxygen consumption has been shown
to be increased in tissues removed from salicylate-
treated animals (7) and in isolated tissue or mito-
chondrial preparations to which salicylates have
been added (8, 9). The increase in oxygen con-
sumption is accompanied by a reduction in the
esterification of inorganic phosphate, i.e., salicyl-
ates uncouple oxidative phosphorylation (7).

The administration of 2,4-dinitrophenol to man
or animals leads to strikingly similar alterations.
Basal metabolic rate is increased in the intact ani-
mal (10-12), tissue oxygen consumption is stimu-
lated in slices (13), and oxidative phosphoryla-
tion is uncoupled in isolated mitochondrial prepara-
tions (14, 15). Indeed, several authors have
commented on the similarity of 2,4-dinitrophenol
and salicylate (6, 8, 16).

It has recently been shown that 2,4-dinitro-
phenol produces a generalized depression of thy-
roid function in rats (13, 17, 18) and reduces the
serum protein bound iodine concentration (PBI)
in rats (17) and man (19). The toxicity of 2,4-
dinitrophenol (12) precludes a thorough study of
its effect on thyroid function in man. Salicylates,
on the other hand, are well suited for such an in-
vestigation and preliminary studies (20) showed

that salicylate administration increased the meta-
bolic rate while simultaneously depressing thyroid
function.

MATERIAL AND METHODS

The effect of salicylate administration on thyroid func-
tion was studied in 25 male patients ranging in age from
18 to 38 years. Twenty had rheumatoid arthritis; and
five were hospitalized for other conditions-myxedema,
gout, acne, and two for chronic otitis media. Balance
studies were performed in a metabolic unit. Nineteen
patients participated in studies of the effect of chronic
salicylate therapy and received salicylates for 8 to 15
weeks, and six took part in acute studies during which
salicylates were given for 7 to 10 days. No other medi-
cations except an occasional sedative were permitted;
daily physical therapy was encouraged. Six of the pa-
tients participating in the chronic studies had an elevated
erythrocyte sedimentation rate at the beginning of the
study.

Enteric coated sodium salicylate was given every four
hours. In long term studies the initial dose of 6.0 Gm.
per day was gradually increased, reaching 8.1 Gm. in
certain instances. In the acute experiments 9.0 Gm. was
administered daily throughout the study. Serum "sa-
licyl" (salicylate and salicylurate) concentration (21)
was measured at weekly intervals, or more frequently if
the study was short.

The basal metabolic rate was determined three or more
times before and/or after salicylate administration, at
weekly intervals during chronic salicylate therapy, and
more frequently during acute experiments. The patients
were fasted 12 hours and slept in a secluded room. Oxy-
gen consumption was measured using the closed circuit
technique and basal metabolic rate was obtained from
factor tables.'

Twenty-four hour urine samples were collected for
creatinine and creatine determinations (22).2 Standard

1 Operation Manual for Model 10 Sanborn Metabulator,
1952.

2 It was found that the addition of salicylate or genti-
sate to urine in amounts approximating their estimated
urine concentration significantly increased the apparent
urine creatine value. Since the false positive effect of
gentisate was 30 to 40 times as great as that of salicylate
on a molar basis and the conversion to gentisate ranges
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methods were employed for the measurement of serum
cholesterol (25, 26). The addition of salicylate to nor-
mal sera to a concentration of 45 mg. per 100 ml. did not
interfere with the protein bound iodine determination
by the method of Barker, Humphrey, and Soley (27) .3

In the studies of thyroxine disappearance, I131-labeled
L-thyroxine 4 was injected intravenously in doses ranging
from 25 to 75 microcuries with a specific activity of 14
to 29 microcuries per microgram. Prior to injection the
radiothyroxine was diluted with human serum albumin 5

to diminish absorption on the syringe and glassware used
to prepare the standard. Serum samples collected 10
minutes after injection and each morning were counted
in a well-type scintillation counter. When observations
were desired for more than 15 days, counting was done
with a specially shielded differential pulse height ana-
lyzer. Slopes were determined on the basis of a mini-
mumof eight daily points. Half-life, turnover rate, pool
size, and degradation rate were calculated as by Sterling,
Lashof, and Man (28). Thyroxine binding by serum pro-
tein was measured by the reverse flow zone electrophore-
sis method of Robbins (29).

The radioiodine uptake was determined following an
oral tracer dose of 7.5 to 10 microcuries of carrier-free
P"3. The thyroid region was counted at 2, 5 and 24 hours
with a wide angle scintillation counter at a distance of
15 cm.; body background was estimated by counting over
the thigh. No subject received more than a cumulative
total of 125 microcuries of I1".

During the measurement of thyroid and renal clear-
ance of radioiodine urine flow was maintained by sus-
tained water diuresis at 8 to 15 ml. per minute to mini-
mize urinary dead space and facilitate complete collec-
tions. Urine was obtained by spontaneous voiding 35
minutes after injection of radioiodine and every half hour
thereafter. Blood was collected through an indwelling
brachial vein catheter during the second and fifteenth
minute and, subsequently, at half-hour intervals from the
time of radioiodine injection. The thyroid region was
counted each minute during the first five minutes and,
thereafter, for a five minute period at half-hour intervals
from the time of injection. Samples of plasma, urine,
and an aliquot of the administered radioiodine were
counted together at the end of the experiment. A plot
of the logarithm of plasma radioactivity against time
yielded a straight line 30 to 45 minutes after injection.

The renal clearance of radioiodine at half-hour inter-
vals was computed using the mean plasma radioactivity
as described by Keating and co-workers (30). The thy-
roid clearance was calculated from the rate of accumu-

from 1 to 8 per cent (23, 24) accurate correction to ob-
tain true creatine values could not be made. Neverthe-
less, the estimated error, assuming a 10 per cent con-
version, did not account for the creatinuria observed in
most patients.

3 Performed by the Bioscience Laboratories, Los
Angeles, Calif.

4 Supplied by Abbott Laboratories, Oak Ridge, Tenn.
51 Supplied by Armour Laboratories, Chicago, Ill.

lation of radioiodine during a given interval divided by
the mean plasma radioactivity. The neck counts were
corrected for extrathyroidal radioactivity by assuming
that all the neck radioactivity at two minutes was extra-
thyroidal and that it decreased proportionally to the
falling plasma radioactivity. From the ratio of the neck
to plasma radioactivity during the second minute and the
plasma radioactivity at any subsequent time, the extra-
thyroidal radioactivity at that time was estimated. Thus,
the thyroidal clearance of iodide in ml. per minute is:

C 131 =
N2- N,TXP'

where N equals corrected neck counts per minute at times
t, and t2; P equals plasma counts per minute per ml.
calculated as the mean of a function between t, and t2
(30) ; and T equals time interval in minutes between tt
and t2.

The effect of salicylate on the iodide concentrating
mechanism of the thyroid was studied according to stand-
ard procedure (18). Male Sprague-Dawley rats main-
tained on a low iodine diet for three to six weeks were
given an intraperitoneal injection of 10 mg. of 1-methyl-
2-mercaptoimidazole. Forty-five minutes later 30 to 50
mg. of sodium salicylate or 20 mg. of sodium thiocyanate
was injected, followed in 20 minutes by 1 microcurie of
carrier-free PI". The rats were sacrificed one hour later,
and the radioactivity of the thyroid gland and plasma was
determined.

Thyroidal organification of iodide was studied in vitro
(31) using thyroids from male Sprague-Dawley rats
kept on a low iodine diet for 26 days. Thyroid lobes
were sectioned free hand and incubated under an atmos-
phere of oxygen in Krebs-Ringer phosphate medium, pH
7.4. Known concentrations of 1-methyl-2-mercaptoimida-
zole or sodium salicylate and carrier-free 131 were added
to the medium. After three hours the slices were blotted,
homogenized in cold 10 per cent trichloroacetic acid, and
washed twice with cold 5 per cent trichloroacetic acid.
Radioactivity of the precipitate ("organic P"31'') and of
an aliquot of the combined supernatant fractions (tri-
chloroacetic acid soluble fraction) was determined. The
combined radioactivity constituted total "uptake."

RESULTS AND DISCUSSION

The increase in oxygen consumption produced
by salicylate administration (cf. below) was not
accompanied by an elevation in the rectal tempera-
ture or a complaint of heat intolerance, although
on questioning some patients were aware of in-
creased sweating. Hyperkinesis and emotional
lability were lacking, and, in fact, several patients
became lethargic and slept much of the time.
Neither the waking nor the sleeping pulse rate in-
creased during the acute or protracted studies.
The patient with myxedema experienced a rise in
basal metabolic rate from minus 35 to plus 35 per
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cent without an increment in pulse rate. Simi-
larly, in two thyrotoxic patients with a tachycardia
while sleeping, salicylates failed to increase the
pulse rate while further elevating the basal meta-
bolic rate.

The mean serum salicylate level in 16 patients
receiving salicylates for 8 to 15 weeks was 37 mg.
per 100 ml., ranging from 22 to 47 mg. per 100
ml. In two other patients, C. M. and L. E., the
concentration was maintained at 65 and 58 mg.
per cent, respectively. One-third of the patients
receiving salicylates chronically complained of
tinnitus or diminished auditory acuity early in the
treatment period, but soon became adapted and
tolerated even larger doses. None of the group
receiving salicylates for a protracted period was
troubled by nausea or vomiting, and there were
no instances of a bleeding tendency. A twofold
increase in resting minute ventilation occurred in
Patients C.M. and L. E., and in two other patients,
K. C. and W. C., whose serum salicylate concen-
tration exceeded 50 mg. per 100 ml. near the end
of the study period. The serum bicarbonate was
reduced 5 to 7 mEq. per liter in these patients,
but the venous pH was not predictable, being nor-
mal, slightly elevated, or slightly depressed. The
remaining patients on chronic salicylate therapy
showed a mean increase of 65 per cent in resting
minute ventilation, 9 per cent in respiratory rate,
and 52 per cent in tidal volume, and they main-
tained their serum bicarbonate concentration and
pH within the normal range.

Oxygen consumption
The average individual increase in oxygen con-

sumption ranged from 41 to 104 ml. per min. per
1.73 M.2, and the mean increase for the group was
73 ml. per min. per 1.73 M.2 (Table I). This is

TABLE I

The effect of chronic salicylate administration on oxygen
consumption

Mean oxygen consumption in ml. per min. per 1.73 M.'

Salicylate ad-
Control (1 2)* ministration (16) Postcontrol (1 5)

221 ± 16t 294 4 23 222 A 16

* Figures in parentheses refer to number of patients
studied. The mean serum salicylate concentration was
37 4 7 mg. per 100 ml. (mean plus or minus standard
deviation).

equivalent to a mean rise in basal metabolic rate
from a level of minus 8 to plus 22 per cent. The
elevation in oxygen consumption appeared during
the first 24 hours of salicylate therapy. This was
documented in seven subjects in whom the in-
crease in oxygen consumption ranged from 42 to
130 ml. per min. per 1.73 M.2 after 24 hours.

The relation of the increase in oxygen consump-
tion to the serum salicylate concentration in 16
patients on chronic salicylate therapy is depicted
in Figure 1. The coefficient of correlation (r) is
0.72 (p < 0.01). A similar relationship has been
observed in rabbits (6) and in patients with
myxedema (32). The two patients, C. M. and
L. E., whose mean salicylate concentrations were
65 and 58 mg. per 100 ml., respectively, were
lethargic and failed to show a rise in oxygen con-
sumption proportional to their serum salicylate
concentration; their points lie to the right of the
regression line shown in Figure 1. In contrast,
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FIG. 1. CORRELATIONOF OXYGENCONSUMPTIONAND

SERUMSALICYLATE CONCENTRATION
The solid circles represent the mean values during the

entire period of salicylate administration, and the re-
gression line is the best fit line through these points by
the method of least squares. The coefficient of correla-
tion (r) is 0.72 (p <0.01). The open circles represent
single values obtained during the first 3 to 10 days of
salicylate administration. The crosses illustrate the find-
ings in Patients C. M. and L. E. (see text).
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FIG. 2. EFFECT OF SALICYLATE ADMINISTRATION IN MYXEDEMA
The increase in basal metabolic rate falls off somewhat after the first 10

days although the serum salicylate concentration remains unchanged. The
rise in BMRis not dependent on the increase in resting minute ventilation.
The light hatching represents stool nitrogen; the black area indicates the
reduction in nitrogen retention during salicylate administration as compared
to the average nitrogen retention of the control period.

the metabolic stimulation for a given serum sa-
licylate concentration was greater during the first
3 to 10 days than during subsequent chronic ad-
ministration and points obtained during this pe-
riod fall to the left of the regression line. This
suggests some tolerance to the metabolic stimula-
tion of salicylates.

The association of the salicylate-induced increase
in oxygen consumption with a reduction in nitro-

gen retention was observed in several patients.
Nitrogen retention was diminished 2.0 Gm. per
day as compared to the control period in the pa-
tient with myxedema, and the retention in the
postsalicylate period exceeded that of the control
period (Figure 2). Patients L. E. and C. M. ex-
perienced a negative nitrogen balance of 16 and
22 Gm. and a weight loss of 5 and 12 pounds, re-
spectively, during 32 days of salicylate administra-
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tion. Similar results have also been obtained in
other euthyroid patients maintained at lesser serum
salicylate levels (33).

Cholesterol
A consistent reduction in the total serum cho-

lesterol was noted in only 2 of 16 patients in whom
the cholesterol was followed weekly during chronic
salicylate administration, and in these 2 patients
the decrease was only 50 mg. per 100 ml. com-
pared to the pre- and postsalicylate administration
values. In the patient with myxedema the serum
cholesterol fell gradually from 240 to 160 mg. per
100 ml. in 32 days and rose when salicylate ad-
ministration was discontinued. Alexander and
Johnson (34) have also observed a fall in serum
cholesterol in three patients with myxedema dur-
ing 16 days of salicylate treatment. The failure
to induce a fall in the serum cholesterol of the eu-
thyroid patients is similar to the findings obtained
with 2,4-dinitrophenol (10). Furthermore, other
workers (35) have shown that although thyroid is
partially effective against the hypercholesterolemia
induced by cholesterol feeding in the chick, dini-
trophenol has little or no effect on the plasma or
tissue levels of cholesterol and offers no protection
against the cholesterol-induced atherosclerosis.

Protein bound iodine (PBI) concentration
A reduction in the PBI was observed in every

patient during salicylate administration (Table
II), and the mean decrease was about 30 per cent
of the initial value. The maximum reduction in
PBI was generally achieved during the first week.
No further diminution was obtained by continuing
salicylate administration for 8 to 15 weeks or by
increasing the maintenance dose from 7.2 to 9.0
Gm. per day. Correlation of the decrease in PBI
with the serum salicylate concentration or the mean
increase in oxygen consumption is not statistically
significant (r = 0.34 and 0.32, respectively, p >
0.10). The fall in PBI produced by salicylate ad-
ministration is similar to that observed in the rat
(17) and in man (19) after 24 and 48 hours of
2,4-dinitrophenol treatment, respectively.

Radiothyroxine
The reduction in PBI concomitant with salicyl-

ate administration could result from either a de-

TABLE II

The effect of chronic salicylate administration on the serum
protein bound iodine (PBI)

Salicylate
period PBI

Post-
Control Fourth Ninth control

Patient PBI week week PBI

Ag-% ;,g.% Aeg.%
K. C. 5.5 4.1 4.1 5.4
R. P. 5.9 3.7 3.7 '5.8
F. C. 5.6 3.7 3.1 4.8
W. C. 5.0 3.6 3.2 4.5
J. B. 6.2 4.5 4.6 6.2
R. B. 5.7 4.4 5.0
F. K. 4.9 3.1 5.4
C. M. 4.8 3.4 4.6
T. K. 6.8 3.9 4.5 7.0
L. E. 5.1 3.7 6.4
R. Pi. 4.7 4.0 3.7 4.5
C. C. 3.7 3.3 5.4
J. L. 3.3 3.9 5.0
G. D. 3.9 4.4 5.6

Mean 5.5 3.8 4.0 5.4
Standard

deviation 0.6 0.3 0.6 0.7

crease in production or an increase in peripheral
degradation of thyroid hormone, or both. The
observation that dinitrophenol diminished the
PBI in a thyroidectomized patient receiving desic-
cated thyroid (19) suggested that increased pe-
ripheral utilization might be an important factor.
Earlier studies with dinitrophenol in the rat had
shown that this drug caused an increase in the
fractional rate of disappearance of radiothyroxine
from the circulation (18).

The effect of chronic salicylate therapy on the
fractional rate of thyroxine disappearance and
degradation was studied in 15 patients (Table
III, a, b and c). The average half-life of radio-
thyroxine was 6.2 and 6.4 days during the pre-
and postsalicylate period, respectively, and fell to
4.7 days during salicylate administration. As a
consequence, the turnover rate 6 rose from 11.3
per cent per day in the precontrol period to 15.1
per cent per day during salicylate treatment and

8sTurnover rate is here defined as the fractional rate
of renewal of the extrathyroidal organic iodine pool
(EOI) per unit time. In calculating turnover rate it was
assumed that the PBI did not change during the experi-
mental period, that PBI is equivalent to thyroxine, and
that the serum radioactivity represented thyroxine. PBI
determinations before and after the experimental period
and chromatograms of the serum supported the first and
last of these assumptions.
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TABLE IIIA

Radiothyroxine disappearance in patients with rheumatoid arthritis prior to salicylate administration

Kinetics of
disappearance* Extrathyroidal

organic iodine Degradation
Subject Weight PBI t 1/2 k pool (EOI) rate

Kg. pg. % days %/day j.g./1.73 M.2 pg./1.73 M.2/day
W. C. 58.2 5.0 5.9 11.8 516 61
J. B.t 81.4 6.6 6.2 11.2 732 82
R. B.t 57.2 6.0 6.6 10.5 696 73
F. K. 79.5 4.5 7.3 9.5 508 48
C. M. 87.3 5.0 5.6 12.4 548 68
T. K.f 53.6 6.9 5.9 11.8 700 83
L. E. 63.6 5.2 6.0 11.6 590 68
R. Pi. 73.6 4.9 6.1 11.4 497 57

Mean 5.5 6.2 11.3 598 68
Standard deviation 0.8 0.5 0.8 90 11

Mean (controls)t 5.8 6.8 10.4 653 67
Standard deviation 0.7 1.0 1.3 69 6

* Tt is half-time in days; k (turnover rate) is the fractional rate of renewal of the extrathyroidal organic iodine pool
(EOI) per unit time. "1

t Erythrocyte sedimentation rate (ESR) elevated at the time the radiothyroxine disappearance study was performed.
t Observations on radiothyroxine disappearance in nine hospital patients admitted for conditions other than rheuma-

toid arthritis-four with acne, two with chronic otitis media, two with minimal renal disease, and one with peripheral
vascular disease.

returned to 11.0 per cent per day in the post-
salicylate period. These findings approximate the
accelerated fractional disappearance rate observed
in thyrotoxicosis (36, 37). Moreover, the change
in radiothyroxine disappearance is correlated with

the increase in oxygen consumption (r = 0.60,
p < 0.01) (Figure 3). Thus, the greater the
increment in oxygen consumption the greater the
increase in fractional rate of radiothyroxine disap-
pearance from the circulation.

TABLE IIIB

Radiothyroxine disappearance in patients with rheumatoid arthritis during salicylate administration *

Kinetics of
disappearance Extrathyroidal

organic idoine Degradation
Subject Weight PBI t 1/2 k pool (EOI) rate

Kg. pg. % days %/day jg./1.73 M.2 jg./1.73 M.2/day
K. C.t 77.7 4.4 5.1 13.6 455 62
R. P. 76.8 3.9 5.3 13.1 502 66
C. C. 74.1 3.7 4.0 17.3 378 65
F. C. 76.4 3.1 3.4 20.4 317 65
J. B.t 83.2 4.6 5.0 13.9 566 79
R. B. 58.2 4.7 4.9 14.2 474 67
F. K. 81.8 3.1 4.3 16.1 320 52
W. C. 65.9 3.4 4.4 15.8 399 63
C. M. 84.5 3.4 4.3 16.1 330 53
T. K.t 57.7 4.2 4.0 17.3 479 83
J. L. 72.3 3.2 4.4 15.8 363 57
L. E. 61.4 3.7 5.0 13.9 325 45
R. Pi. 75.9 4.0 5.0 13.9 444 62
D. K.f 64.1 5.1 5.1 13.6 619 84
G. D.t 68.6 4.5 6.3 11.0 632 70

Mean 3.9 4.7 15.1 440 65
Standard deviation 0.6 0.7 2.2 103 10

* Radiothyroxine disappearance was measured after the PBI had fallen to a relatively constant value, i.e., after at
least two weeks of salicylate administration and generally about the fourth week.

t ESRelevated at the time of the radiothyroxine study.
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TABLE IIIC

Radiothyroxine disappearance in patients with rheumatoid arthritis after discontinuation
of salicylate administration *

Kinetics of
disappearance Extrathyroidal

organic iodine Degradation
Subject Weight PBI t 1/2 k pool (EOI) rate

Kg. pg. % days %/day gg./1.73 M.2 ;Lg./1.73 M.2/day
K. C.t 71.8 5.3 6.6 10.5 545 57
R. P. 75.0 5.6 7.1 9.8 659 65
C. C. 74.1 5.4 7.5 9.2 510 47
F. C. 78.2 5.6 5.8 12.0 532 64
W. C.: 59.1 4.5 5.9 11.8 487 57
J. B. 81.8 6.2 6.6 10.5 711 75
F. K.: 82.7 5.4 6.0 11.6 550 64
C. M.t 84.0 4.3 5.4 12.8 493 63
J. L. 74.1 4.8 6.0 11.6 505 59
L. E.: 64.5 6.4 6.7 10.3 726 75
D. K. 70.5 5.6 6.3 11.0 600 66
G. D. 75.9 5.6 6.5 10.7 640 68

Mean 5.4 6.4 11.0 580 63
Standard deviation 0.6 0.5 1.0 80 8

* Radiothyroxine disappearance was measured two to four weeks after discontinuation of salicylate administration.
t ESRelevated at time of radiothyroxine study.
t Patients in whomradiothyroxine disappearance was studied both before (Table IIIa) and after salicylate admin-

istration.

The radiothyroxine distribution space showed
no consistent change with chronic salicylate ther-
apy, remaining unchanged in most patients, and
increasing or decreasing slightly in an equal num-
ber of instances. Since the PBI concentration fell
with salicylate treatment, the extrathyroidal or-
ganic iodine pool (EOI) was reduced to a mean
of 440 micrograms from mean pre- and postsalicyl-
ate values of 598 and 581 micrograms, respec-
tively. The degradation rate, being the product of
the smaller EOI pool and the faster turnover rate,
was found to be the same during salicylate ad-
ministration as during the control periods, i.e.,
67 micrograms per day per 1.73 M.2 before salicyl-
ates, 65 micrograms per day per 1.73 M.2 dur-
ing salicylates, and 63 micrograms per day per
1.73 M.2 after salicylate therapy.

To determine how quickly salicylate treatment
increased the fractional rate of disappearance of
radiothyroxine, the effect of acute salicylate ad-
ministration was studied in four euthyroid patients
and a fifth with myxedema seven days after in-
jection of radiothyroxine. An increase in the
fractional rate of disappearance of radiothyroxine
from the circulation occurred within the first 24
hours of salicylate administration. However, it
was not possible to calculate the degradation rate
because steady state conditions did not prevail,

Yu 0.75 X-0.3

50 r

40 f

-J
-J
4!LLR

30 I

20 F

10 [

0

0

.

'-I

z
x
0

I-

w
U--lJ
-J

I

.0-
0 "IO

0 00

a
*/ 0.

OXYGENCONSUMPTION
0

10 20 30 40 50

MEAN% INCREASE

FIG. 3. CORRELATIONOF OXYGENCONSUMPTIONANDTHE
FRACTIONAL RATE OF I' DISAPPEARANCE

Per cent fall in half-life was obtained by comparing
the half-life before or after salicylate administration with
that during treatment. When both pre- and postsalicyl-
ate determinations were available (Table IMIc), they
were averaged and the result compared to the value ob-
tained during salicylate administration. The regression
line is the best fit line through these points by the method
of least squares. The coefficient of correlation (r) is 0.60
(p < 0.01).
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TABLE IV

The effect of salicylate therapy on the concentration of thyroxine binding sites of serum
thyroxine-binding protein

Before salicylate therapy During salicylate therapy* After salicylate therapy

TBPt Free TBP Free TBP Free
Patient PBI sites T41 PBI sites T4 PBI sites T4

.~~~~~~~~~p.
Ag- % IAB. % g- %

R. P. 3.4 2.1 X 1O-7 M 4.6 X 10-11 M 4.4 2.1 X 10-7 6.6 X 10-1" M
T. K. 4.4 1.9 5.5 7.2 2.3 8.9
K. C. 3.8 3.1 3.5 6.6 2.8 8.4
W. C. 5.3 2.8 X 10-7 M 6.0 X 10-11 M 3.4 2.8 3.2 4.5 2.5 4.7
F. K. 3.1 2.3 3.7 5.4 2.4 7.3
J. L. 3.0 2.0 4.1 4.8 2.1 6.7

Mean 3.5 2.4 4.1 5.5 2.4 7.1

* Thyroxine binding was studied after four to eight weeks of salicylate therapy and again four to six weeks after
discontinuation of salicylate treatment.

t TBP refers to thyroxine-binding protein.
t T4 refers to free thyroxine calculated according to Robbins and Rall (38).

i.e., the EOI pool was not known because the PBI
was falling and the distribution space was not
determined.

Thyroxine binding

The major portion of thyroxine is normally
bound in the plasma to a specific thyroxine bind-
ing alpha-globulin (TBP) (38). A decrease in
the amount of this protein, a change in the affinity
constant for thyroxine, or competition by salicylate
or one of its conjugates for the binding sites would
reduce the per cent of bound thyroxine and pos-

sibly change thyroxine metabolism. Salicylate
administration was not associated with any sig-

nificant alteration in the concentration of TBP
sites (Table IV). Hence, free thyroxine falls
concomitantly with the decrease in PBI. Further-
more, there was no alteration in the distribution
of thyroxine among the serum proteins when only
small quantities of thyroxine were used, suggesting
that, with physiologic thyroxine concentrations,
there was no effective competition for binding sites
between salicylate and thyroxine. Thus, a change
in the binding of radiothyroxine is not the explana-
tion for the increased fractional rate of disappear-
ance of radiothyroxine. The present situation ap-
pears to be an exception to the dependence of the
degradation rate upon the level of free thyroxine
as postulated by Robbins and Rall (38).

ABLE V

Effect of salicylates on thyroid uptake of I131

Per cent of administered dose in thyroid
Control period Salicylate period Postcontrol period

Patient 2 hr. 5 hr. 24 hr. 2 hr. 5 hr. 24 hr. 2 hr. 5 hr. 24 hr.

K. C. 17 23 38 3 7 19 9 13 31
C. C. 13 25 50 8 17 26 15 21 43
W. C. 10 16 26 6 9 17 8 13 20
J. B. 17 23 34 5 8 15 10 13 25
R. B. 12 17 30 5 8 15
F. K. 13 20 29 7 12 21 10 14 24
C. M. 6 11 18 3 5 9 6 8 14
J. L. 5 10 16 3 4 6 4 9 16
R.Pi. 10 17 33 11 17 27

Mean 11 18 30 6 10 17 9 13 25
Standard

deviation 4 5 10 2 4 7 3 4 9
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Radioiodine studies
The possibility that the reduction in PBI was in

part due to a depression in thyroid function and
ultimately in hormone synthesis was explored in
several ways. The 2, 5 and 24-hour thyroid ra-

dioiodine uptake was observed in nine patients
before and during salicylate therapy, and in seven

of these patients six weeks after discontinuing the
drug (Table V). The mean fall in uptake was 45
per cent of the control value at 2 hours, 44 per

cent at 5 hours, and 43 per cent at 24 hours; in
comparison to the postsalicylate values the reduc-
tion in uptake was less, but still 33, 23 and 36 per

cent at 2, 5 and 24 hours, respectively. Serial de-
terminations were not performed but the reduction
recorded in Table V was observed after two weeks
in Patient C. M., after four weeks in Patients
K. C. and J. L., and after eight weeks in the
remainder.

The kidney is the chief organ competing with
the thyroid gland for circulating iodide. Thus, an

increase in the renal clearance of I'31 could pro-

duce an apparent depression of thyroid uptake.
That this was not the case is shown in Figure 4.
No change in the renal clearance of iodide oc-

curred during salicylate administration, the mean

clearance being 53 ml. per minute both on and off
salicylate therapy. This value is slightly higher
than that usually observed (39-41). Bricker
and Hlad (41) have demonstrated that a water
diuresis up to 6 ml. per minute does not alter
renal clearance of radioiodine, but they did not
carry the diuresis to the rates of urine flow used
in the present study.

On the other hand, thyroid clearance of radio-
iodide was reduced in each patient during chronic
salicylate administration (Figure 4). This indi-
cates that the diminution in radioiodine uptake
(Table V) is indeed an expression of depressed
thyroid function. The control thyroid clearance
and the radioiodine distribution space before and
during salicylate therapy agree with the values
reported by Berson, Yalow, Sorrentino, and Ros-
wit (40).

The reduction in thyroid uptake and clearance
of radioiodine during chronic salicylate adminis-
tration could result either from inhibition of the
iodide concentrating mechanism or from inter-
ference with the utilization of the accumulated io-
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FIG. 4. EFFECT

SALICYLATE

THYROID

OF SALICYLATE ADMINISTRATION ON I
CLEARANCE

The clearance determinations were done after six weeks
of salicylate administration; in three subjects the control
value was obtained before salicylate treatment, and in
the other the control study was done four weeks after
discontinuation of salicylates. Each point represents the
mean of six or more clearance values obtained at half-
hour intervals.

dide for hormone synthesis. The former possi-
bility is conveniently measured in rats as the con-
centration gradient of iodide in the thyroid to that
in the serum or plasma (T/S ratio) when hor-
mone synthesis is blocked. Even at high serum
concentrations acute salicylate administration does
not depress the ability of the rat thyroid to con-
centrate iodide (Table VI). In contrast, sodium
thiocyanate produced the expected marked de-
pression of the T/S ratio.

Para-hydroxy benzoic acid may interfere with
thyroidal organification of iodide (42). Thus,

TABLE VI

Effect of salicylate and thiocyanate on the
thyroid/serum iodide ratio in rats

Mean Mean
Treatment blood level T/S ratio

mg.%
Control (15)* 147 :1= lOt
Salicylate (15) 51 (15)* 137 =1 8
Na SCN (12) 2.7 ± 0.3

* Figures in parentheses refer to the number of rats used.
t Mean standard error. The "t" test reveals that

the salicylate treated rats do not differ significantly from
the control (0.5 > p > 0.4).
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the possibility that salicylic acid might have a

similar action was evaluated using rat thyroid
slices. A concentration of 3 x 10 3 M salicylate
(41 mg. per cent) did not interfere with the ability
of thyroid slices to convert incorporated iodide to

organic forms (Table VII); in contrast, 1-methyl-
2-mercaptoimidazole almost completely inhibited
the organification of the iodide. There was a

slight decrease in the incorporation of the iodide
into the slices in the presence of a concentrated
salicylate solution as compared to the incorpora-
tion in the Krebs-Ringer media. However, when
comparison was made using sera from salicylate
treated patients as the incubation medium, salicyl-
ates did not diminish incorporation (Table VII).
This is not surprising since at these levels about 70
per cent of the salicylate is bound to plasma pro-

tein (43-45). The possibility of thyroid inhibition
by some salicylate derivative is thus also excluded.
Furthermore, the addition of known amounts of
buffered sodium salicylate in the concentration
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FIG. 5. EFFECT OF SALICYLATE ON THE UPTAKEAND

ORGANIFICATION OF I BY RAT THYROID SLICES

Rat thyroid tissue was incubated in human serum to

which varying concentrations of buffered sodium salicyl-

ate were added.

obtained clinically in this study had no direct
effect on the uptake and organification of radio-
iodine by rat thyroid slices (Figure 5).

COMMENT

An increase in the basal metabolic rate associ-
ated with a negative nitrogen balance and weight
loss on a fixed caloric intake can be produced in
euthyroid patients by salicylate administration.
In patients with myxedema the serum cholesterol
is also lowered by salicylate treatment. On the
other hand, the clinical findings generally re-
garded as characteristic of hyperthyroid hyper-
metabolism, such as heat intolerance, hyperkinesis,
emotional lability, and tachycardia, are lacking.

Concomitant with the increase in oxygen con-
sumption, salicylate administration produces a
prompt reduction in the serum protein bound io-
dine concentration. The abrupt decrease in the
rate of release of thyroidal I' with salicylate ad-
ministration (46) probably contributes signifi-
cantly to the rapid fall in the PBI. On the other
hand, the depression in the thyroidal uptake and
clearance of I"5 probably does not play an im-
portant role in the early reduction of the PBI be-
cause of the large stores of stable iodine in the
normal gland. Whatever the contributing causes,
a new steady state is attained within the first 10

TABLE VII

The effect of salicylate on the uptake and conversion
of I131 by rat thyroid slices *

Per cent
Per cent of slice
of total 11m as

Experi- I'll in organic
ment Incubation medium slices Jill

Krebs-Ringer phosphate 62 86
I 1 X 10-3 Msodium

salicylate 54 70
3 X 10-3 Msodium

salicylate 47 78
1 X 1I0- M 1-methyl-

2-mercaptoimidazole 40 1.0

Normal human serum 48 85
II Salicylate serum

(41mg. %or3 X 10-3M) 44 75

* Forty mg. of slices from thyroids of rats kept on a low
iodine diet for 26 days, incubated at 370 C. for three hours
in 3.0 ml. of Krebs-Ringer phosphate medium, pH 7.4,
containing the agents indicated. In Experiment II serum
from patients before and during salicylate therapy was
used in place of the Krebs-Ringer phosphate medium.
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days of salicylate administration, and the PBI is
not lowered to frankly hypothyroid levels.

In view of the finding of a normal degradation
rate together with depressed thyroid function dur-
ing chronic salicylate treatment, the failure of the
PBI to continue to fall is at present not readily
explained. This disparity could result from a
methodological artifact in the estimation of the
degradation rate, for it can be shown (47) that
under certain circumstances in open systems calcu-
lation of pool size by the intercept method contains
an error that is proportional to the slope. Fur-
thermore, Ingbar and Freinkel (37) noted a dis-
crepancy between the amount of thyroid hormone
synthesized and degraded, calculated by independ-
ent means, in patients with hypermetabolism due
to thyrotoxicosis. Sterling and Chodos (36) ob-
served an increased fractional rate of disappear-
ance of radiothyroxine, a normal PBI, an en-
larged EOI pool, and an increased degradation
rate in patients with hypermetabolism of malig-
nancy and infection. If the augmented degrada-
tion rate continued for a period of time, the thy-
roidal stores of I127 would become depleted and
an increase in the thyroidal uptake of IJ3" might
be expected. This, however, was not observed
in the patients with leukemia and other causes of
extrathyroidal hypermetabolism studied by Meck-
stroth, Rapport, Curtis, and Simcox (48) and by
Skanse (49). Thus, extrathyroidal hypermetabo-
lism due to malignancy and infection may be an-
other example of a disparity between peripheral
thyroxine metabolism, measured by the intercept
method, and the level of function of the thyroid
gland, as measured by thyroidal uptake, clear-
ance, or release rate.

The failure of acute salicylate administration to
reduce the T/S ratio in the rat or to interfere with
the incorporation and organification of I131 by rat
thyroid slices suggests that thyroid inhibition is
not the result of a direct effect of salicylate on the
thyroid gland. An indirect action, presumably
via the pituitary or higher centers, similar to that
of thyroxine is suggested. The localization of this
indirect inhibition and the implication of a de-
crease in available thyrotropin form the subject
of the following report (46).

SUMMARY

1. The effect of salicylate administration was
studied in 24 euthyroid patients and 1 patient with
myxedema; 19 received 6.0 to 8.1 Gm. of sodium
salicylate per day for 8 to 15 weeks and 6 were
given 9.0 Gm. per day for 7 to 10 days.

2. Oxygen consumption during chronic salicyl-
ate therapy (mean concentration, 37 mg. per 100
ml.) was increased 33 per cent (from 221 to 294
ml. per min. per 1.73 M.2). There was a signifi-
cant correlation (r = 0.72, p < 0.01) between the
increase in oxygen consumption and the serum
salicylate concentration.

3. The serum protein bound iodine concentra-
tion was reduced from a mean of 5.5 to 3.8 micro-
grams per 100 ml. during chronic salicylate ad-
ministration and was maintained at this level until
the salicylate was discontinued.

4. The fractional rate of disappearance of radio-
thyroxine from the circulation rose from a mean
of 11.3 per cent per day to 15.1 per cent per day
during chronic salicylate therapy and returned to
11.0 per cent per day with cessation of salicylate
treatment. There was a significant correlation
(r = 0.60, p < 0.01) between the increase in the
fractional rate of radiothyroxine disappearance
and the rise in oxygen consumption.

5. The mean reduction in 2, 5 and 24 hour up-
take of radioiodine during chronic salicylate treat-
ment was 45 per cent of the control value at 2
hours, 44 per cent at 5 hours, and 43 per cent at
24 hours.

6. Thyroidal clearance of radioiodine was de-
pressed in four patients during chronic salicylate
administration whereas renal clearance was not
significantly altered.

7. Acute salicylate administration in rats did
not reduce the thyroid/plasma ratio of radioiodine.

8. The incubation of rat thyroid slices in serum
of salicylate-treated patients did not interfere with
the incorporation or organification of radioiodine.

9. These findings suggest that an important ac-
tion of salicylate administration is a depression of
thyroid function, presumably via the pituitary or
higher centers.
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